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Material and Methods

Participants

EPD patients who met the UK Parkinson’s Disease Society Brain Bank criteria * were
evaluated with the Unified Parkinson’s Disease Rating Scale (UPDRS) part Ill ? and stages
| and Il of the Hoehn and Yahr scale °. Mean age for the EPD group was 56.07 (+11.20)
years. All selected patients had bilateral or unilateral disease onset in their dominant right
hand. Assessment was conducted during the ‘on’ state of the medication. Since levodopa

seems to improve verbal processing in a percentage of PD subjects *

, any observed
impairment of ACE or verbal processing cannot be explained by medication. Additional
requisites for inclusion within the EPD group were disease duration of fewer than five
years and absence of motor complications from levodopa *®. The control group was
composed of healthy volunteers with functional independence and IQs above 90 -as

determined by the vocabulary and similarities subtests of the Wechsler Abbreviated Scale

of Intelligence (WASI) ’.

Kissing and Dancing Test

Bak and Hodges ® created this test in order to assess semantic association of action verbs.
It comprises 52 triads of images depicting motor actions. Each triplet is composed of a cue
action-picture and two semantically related pictures. Participants are required to point to

the picture that is most closely related to the cue picture.
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ACE Task

Both hands of each participant were positioned in the required shape to control for
possible bilateral hand interference, given that posture has been shown to modulate
semantic processing *'2. Participants completed a five-trial training session to become
familiar with the task. Each trial began with an ocular fixation cross appearing at the centre
of the monitor 300 ms before the beginning of the sentence and disappearing 800 ms after
the response. The interstimulus interval was set at 150 ms. Stimuli were simple Spanish
sentences with a critical third-person verb in pretérito indefinido del indicativo (simple past

tense), located in sentence-final position.

The sentence lists used in the compatible and incompatible conditions were controlled for
relevant linguistic variables, including transitivity, situation aspect, clause content, final
target-word frequency, predictability, prototypicality (how well the pertinent hand-shape
represented the manual action encoded by the sentence), and degree of manual
specificity (the manual aperture or closure for each sentence). Note that neutral sentences
are more predictable in this paradigm, thus eliciting faster reaction times. See Aravena et

al. ** for details about predictability effects.

Mean sentence duration was 4.57 s (SD = .16 s). Audio files were edited so that each trial
was preceded and followed by silence periods of 400 ms and 200 ms, respectively. Mean
onset-time of the target verb within the sentences was 4.05 s (SD = .06; 2.92 s minimum,
5.64 s maximum). Trials were uniformly distributed over the three sentence conditions in a
counterbalanced list to ensure that the same condition did not appear more than two times

consecutively. See Aravena et al. ** for more details on stimuli features and validation.



ERP analysis

Statistical analysis of ERPs during the ACE task was performed at MP windows using
Monte Carlo permutation tests with bootstrapping **. The combined data from each
condition (e.g., the compatible and incompatible trials) underwent a random partition, and
a t-test was calculated. This process was repeated 1,000 times to construct the t-value
distribution under the null hypothesis. The null hypothesis is rejected if an obtained t-value
is greater than the most extreme 1% of the distribution (e.g., p < .01). The significant
window obtained in the permutation analysis was selected to calculate the MP-ACE score
(subtracting the waveforms from incompatible-minus-compatible categories and mean

averaged in in this significant time window: -80 to 40 ms).

Connectivity

The weighted Symbolic Mutual Information (WwSMI) measure presents three main
advantages. First, it looks for qualitative or “symbolic” patterns of increase or decrease in
the signal, which allows a fast and robust estimation of the signals’ entropies. The
symbolic transformation depends on the length of the symbols (here, k = 3) and their
temporal separation (here, T = 4, or 32 ms, 15). Second, wSMI makes few hypotheses on
the type of interactions and provides an efficient way to detect non-linear coupling. Third,
wSMI weights discard the spurious correlations between EEG signals arising from

common sources and favor non-trivial pairs of symbols *°

. EEG signals were first
transformed into a series of discrete symbols defined by the ordering of k time samples
separated by a temporal separation 1 (Figure 2A of main manuscript). Analysis was
restricted to a fixed symbol size (k = 3) and two different values of 1 (1 = 4, 32 ms between
time samples). Low-pass filters at corresponding frequencies (80, and 10 Hz for T = 4 and
32 ms respectively) were used to avoid aliasing artifacts. The wSMI was estimated with a

joint probability matrix multiplied by binary weights. These weights were set to zero for
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pairs of (a) identical symbols and (b) opposed symbols that could be elicited by a unique
common source or the two sides of a single dipole, respectively. The distance separating

EEG channels was calculated along a straight line using default electrode coordinates.

Results

Demographic and language evaluation
Comparisons between EPD patients and controls revealed no significant differences in
age [t (23) = 0.31, p = .758], formal education [t (23) = 0.14, p = .885] or gender [x* (1, N =

27) = .51, p = .821)].

KDT

The KDT is designed to detect impairments in action semantics. Significant group
differences were observed [F (1, 23) = 5.43; p = .028, n,” = .191]. The KDT score (% of
correct responses) was significantly lower for EPD patients (M = 91.07, SD = 2.5) than
controls (M = 96.67, SD = 0.69). This result is consistent with reports of action-verb

processing deficits in PD *"*°,

ACE is impaired in EPD

A significant effect of group [F (1, 25) = 5.95, p = .022] was observed. EPD patients
showed longer reaction times than controls in the three conditions. No significant effect of
Compatibility was observed [F (2, 50) = 1.56, p = 0.218)]. However, we found a strong
interaction of Group X Compatibility [F (2, 50) = 3.41, p = .040]. A post hoc analysis (MS =
3769; df = 28.37) showed an ACE in controls: incompatible trials elicited longer reaction
times than compatible trials (p = .009). A significant difference was also observed between
compatible and neutral trials (p = .030). No significant effect was found between
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incompatible and neutral trials (p = .629). Conversely, we found no ACE in EPD patients.
Here, reaction times were similar among the three conditions: no differences were
observed between compatible and incompatible trials were observed (p = .694), neutral
and compatible trials (p = .382), or neutral and incompatible trials (p = .628) (see means

and SDs in Table 1S).
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Figure S1. p-value for comparisons between EPD and controls in each condition.
Significant differences were observed in the comparison for each condition among groups
throughout the ERP time window (in the time windows preceding MP, -300 to 150 ms, and
in the re-afferent potential time window, 220 to 480 ms). In each category comparison, the

control group presented increased amplitudes compared with EPD patients (see Figure

1A).
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Figure S2: Correlation between UPDRS and MP-ACE score in EPD. The motor section
of the UPDRS was associated with cortical measures of ACE in EPD (Pearson’s r = .62, p
= .030; Spearman’s r = .60, p = .036). Note that two outlier values (> 3 SDs) were

excluded from this analysis.

Table 1S: Mean and SD of each condition in both EPD patients and controls

Condition | Compatible Incompatible Neutral
Group (MeanzSD) (MeanzSD) (MeanzSD)
EPD 1522ms+701.50 1495ms+689.79 1462ms+804.98
Controls 805ms+255.52 1013ms+452.81 975ms+509.97
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